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General Information 
1,4-Dioxane were dried by sodium and freshly distilled. Pd(OAc)2 was obtained from 
Stream® and AgBF4 was obtained from TCI®. The other materials and solvents were 
purchased from Adamas-beta and other commercial suppliers and used without 
additional purification. Nuclear magnetic resonance (NMR) spectra were recorded 
with Bruker AVANCE 400 MHz. 1H and 13C chemical shifts are reported in ppm 
downfield of tetramethylsilane and referenced to residual solvent peak as following: 
CHCl3 = 7.26 (1H NMR), DMSO = 2.50 (1H NMR), CDCl3 = 77.16 (13C NMR), 
DMSO = 39.52 (13C NMR). Multiplicities are reported using the following 
abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = 
broad resonance. High resolution mass spectra for new compounds were recorded at 
Mass Spectrometry Facilities, ZhejiangUniversity. 
Experimental Procedures 
General Procedure (GP1) for Preparation of N-Phthaloyl-Amino 
Acid 5-Methoxyquinolin-8-amine Amide 
To a stirred solution of the acid chloride (24 mmol) in dichloromethane (50 mL), 
5-methoxyquinolin-8-amine1 (3.484 g, 20 mmol) was added slowly at -15 °C. After 
the solution was stirred for five minutes, N,N-diisopropylethylamine (3.97 mL, 24 
mmol) was added dropwise slowly at -15 °C. The resulting mixture was stirred at 
room temperature overnight and then the reaction was diluted with dichloromethane 
(50 mL), washed by aqueous HCl (50 mL, 1 M), saturated NaHCO3 (50 mL), brine 
(50 mL), and dried over anhydrous MgSO4. Evaporation of organic solvent and 
purification by column chromatography afforded the desired amide.2 
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-(5-methoxyquinolin-8-yl)propanamide (1) 
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L-Alanine (8.91 g, 0.10 mol) and Na2CO3(10.60 g, 0.10 mol) were dissolved in water 
(100 mL) at room temperature and N-ethoxycarbonylphthalimide (21.91 g, 0.10 mol) 
was added to the solution in small portions. The reaction was stirred for 2 h, then the 
aqueous solution was slowly acidified with aqueous HCl (6 M) until pH = 1 at 0 °C 
and white precipitate appeared slowly. Collecting and washing the precipitate with 
aqueous HCl (1M, 20 mL) and ethyl ether: petroleum ether = 1:5 (20 mL) gave 
(S)-2-phthalimidopropionic acid (17.97 g, 82%). 
(S)-2-Phthalimidopropionic acid (5.26 g, 24 mmol), thionyl chloride (8.70 mL, 120 
mmol), and 3 drops of dimethylformamide were heated in dichloromethane (50 mL) 
at 55 °C for 3 h. After the reaction, dichloromethane and excess of thionyl chloride 
were removed by vacuum. The acid chloride was dissolved in anhydrous 
dichloromethane (50 mL) and used for next reaction.2 
The compound 1 was prepared according to GP1. Purified by silica gel column 
chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 5 : 0.5 gave 
1 as a light yellow solid (5.86 g, 78%). 1H NMR (400 MHz, CDCl3) δ 10.07 (brs, 1H), 
8.69 (dd, J = 4.4, 1.6 Hz, 1H), 8.63 (d, J = 8.4 Hz, 1H), 8.53 (dd, J = 8.4, 1.6 Hz, 1H), 
7.93 – 7.83 (m, 2H), 7.78 – 7.70 (m, 2H), 7.39 (dd, J = 8.4, 4.4 Hz, 1H), 6.80 (d, J = 
8.8 Hz, 1H), 5.24 (q, J = 7.2 Hz, 1H), 3.96 (s, 3H), 1.96 (d, J = 7.2 Hz, 3H). 13C NMR 
(101 MHz, CDCl3) δ 167.99, 166.87, 150.68, 148.87, 139.32, 134.26, 132.15, 131.33, 
127.46, 123.65, 120.83, 120.50, 116.90, 104.35, 55.88, 50.18, 15.54. HRMS (EI) m/z: 
375.1220 (M +); calc. for C21H17N3O4: 375.1219.  
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-(5-methoxyquinolin-8-yl)-3-phenylpropanami
de (2a) 
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L-Phenylalanine (16.52 g, 0.10 mol) and Na2CO3 (10.60 g, 0.10 mol) were dissolved 
in water (100 mL) at room temperature and N-ethoxycarbonylphthalimide (21.91 g, 
0.10 mol) was added to the solution in small portions. The reaction was stirred for 2 
hours, then the aqueous solution was slowly acidified with aqueous HCl (6 M) until 
pH = 1 at 0 °C. The reaction mixture was extracted with dichloromethane (2 × 150 
mL) and the combined organic phase was washed with brine (80 ml) and dried over 
anhydrous Na2SO4. Evaporation of organic solvent and purification by column 
chromatography in dichloromethane : methanol = 20 : 1 gave 
(S)-3-phenyl-2-phthalimidopropionic acid (24.50 g, 83 %). 
(S)-3-Phenyl-2-phthalimidopropionic acid (7.09 g, 24 mmol), thionyl chloride (8.70 
mL, 120 mmol), and 3 drops of dimethylformamide were heated in dichloromethane 
(50 mL) at 55 °C for 3 h. After the reaction, dichloromethane and excess of thionyl 
chloride were removed by vacuum. The acid chloride was dissolved in anhydrous 
dichloromethane (50 mL) and used for next reaction. 
The compound 2a was prepared according to GP1. Purified by silica gel column 
chromatography in petroleum ether : ethyl acetate = 4 : 1 gave 2a as a white solid 
(7.13 g, 79 %). 1H NMR (400 MHz, CDCl3) δ 10.09 (brs, 1H), 8.65 (d, J = 8.4 Hz, 
1H), 8.61 (dd, J = 4.0, 1.6 Hz, 1H), 8.51 (dd, J = 8.4, 1.6 Hz, 1H), 7.87 – 7.75 (m, 2H), 
7.73 – 7.64 (m, 2H), 7.36 (dd, J = 8.4, 4.4 Hz, 1H), 7.32 – 7.27 (m, 2H), 7.25 – 7.19 
(m, 2H), 7.18 – 7.12 (m, 1H), 6.80 (d, J = 8.8 Hz, 1H), 5.44 (t, J = 8.4 Hz, 1H), 3.96 
(s, 3H), 3.81 (d, J = 8.4 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 168.03, 166.05, 
150.73, 148.82, 139.28, 136.93, 134.22, 131.74, 131.26, 129.11, 128.77, 127.38, 
127.01, 123.60, 120.80, 120.45, 117.03, 104.29, 56.31, 55.85, 34.87. HRMS (EI) m/z: 
451.1534 (M +); calc. for C27H21N3O4: 451.1532.  
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General Procedure (GP2) for Palladium-Catalyzed Methyl C(sp3)–H 
Monoarylation of Alanine 
 
To a 50 mL Schlenk tube, 1 (0.375 g, 1 mmol), aryl iodide (1.2 mmol), Pd(OAc)2 
(22.4 mg, 0.1 mmol), AgBF4 (0.292 g, 1.5 mmol), t-BuOH (7 mL) and 
1,2-dichloroethane (3 mL) were added. The tube was charged with N2 and heated at 
75 oC for 24 hours. After cooling to room temperature, the reaction mixture was 
diluted with dichloromethane and filtered through a pad of Celite and washed by 
dichloromethane. Evaporation of the organic solvent and purification by silica gel 
column chromatography gave the desired product 2. 
(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(4-ethylphenyl)-N-(5-methoxyquinolin-8-yl)pro
panamide (2b) 
 
The title compound 2b was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 5 : 3 : 
0.5 gave 2b as a white solid (0.388 g, 81%). 1H NMR (400 MHz, CDCl3) δ 10.09 (brs, 
1H), 8.65 (d, J = 8.4 Hz, 1H), 8.61 (dd, J = 4.4, 1.6 Hz, 1H), 8.50 (dd, J = 8.4, 2.0 Hz, 
1H), 7.86 – 7.75 (m, 2H), 7.72 – 7.63 (m, 2H), 7.35 (dd, J = 8.4, 4.4 Hz, 1H), 7.21 (d, 
J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.8 Hz, 1H), 5.43 (t, J = 8.4 Hz, 
1H), 3.95 (s, 3H), 3.79 (d, J = 8.4 Hz, 2H), 2.54 (q, J = 7.6 Hz, 2H), 1.14 (t, J = 7.6 
Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 168.05, 166.14, 150.67, 148.77, 142.86, 
139.25, 134.16, 134.00, 131.79, 131.22, 129.00, 128.22, 127.41, 123.55, 120.76, 
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120.40, 116.98, 104.26, 56.39, 55.82, 34.49, 28.48, 15.52. HRMS (EI) m/z: 479.1844 
(M +); calc. for C29H25N3O4: 479.1845.  
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-(5-methoxyquinolin-8-yl)-3-(m-tolyl)propana
mide (2c) 
N OO HN
O N O
 
The title compound 2c was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
0.5 gave 2c as a white solid (0.382 g, 82%). 1H NMR (400 MHz, CDCl3) δ 10.07 (brs, 
1H), 8.66 (d, J = 8.4 Hz, 1H), 8.62 (dd, J = 4.4, 1.6 Hz, 1H), 8.52 (dd, J = 8.4, 1.6 Hz, 
1H), 7.87 – 7.79 (m, 2H), 7.74 – 7.65 (m, 2H), 7.37 (dd, J = 8.4, 4.4 Hz, 1H), 7.13 – 
7.06 (m, 3H), 7.00 – 6.94 (m, 1H), 6.80 (d, J = 8.8 Hz, 1H), 5.42 (dd, J = 9.6, 7.2 Hz, 
1H), 3.97 (s, 3H), 3.80 – 3.72 (m, 2H), 2.21 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
168.07, 166.13, 150.71, 148.81, 139.31, 138.37, 136.85, 134.21, 131.83, 131.26, 
129.92, 128.66, 127.76, 127.44, 126.10, 123.60, 120.80, 120.45, 117.02, 104.30, 
56.39, 55.86, 34.85, 21.39. HRMS (EI) m/z: 465.1686 (M +); calc. for C28H23N3O4: 
465.1689.  
(S)-3-(3,4-Dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(5-methoxyquinolin-8-
yl)propanamide (2d) 
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The title compound 2d was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
0.5 gave 2d as a white solid (0.331 g, 69%). 1H NMR (400 MHz, CDCl3) δ 10.07 (brs, 
1H), 8.65 (d, J = 8.4 Hz, 1H), 8.62 (dd, J = 4.4, 1.2 Hz 1H), 8.51 (dd, J = 8.4, 1.2 Hz, 
1H), 7.86 – 7.78 (m, 2H), 7.73 – 7.66 (m, 2H), 7.36 (dd, J = 8.4, 4.4 Hz, 1H), 7.08 – 
6.95 (m, 3H), 6.80 (d, J = 8.4 Hz, 1H), 5.41 (dd, J = 8.8, 7.6 Hz, 1H), 3.96 (s, 3H), 
3.81 – 3.72 (m, 2H), 2.15 (s, 3H), 2.12 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.11, 
166.21, 150.67, 148.76, 139.28, 136.88, 135.11, 134.19, 134.15, 131.86, 131.23, 
130.37, 129.99, 127.45, 126.37, 123.57, 120.77, 120.43, 117.00, 104.28, 56.49, 55.84, 
34.48, 19.70, 19.43. HRMS (EI) m/z: 479.1844 (M +); calc. for C29H25N3O4: 
479.1845.  
(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(4-methoxyphenyl)-N-(5-methoxyquinolin-8-yl)
propanamide (2e) 
 
The title compound 2e was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : ethyl acetate : acetone = 6 : 1 : 1 gave 2e 
as a light yellow solid (0.404 g, 84%). 1H NMR (400 MHz, CDCl3) δ 10.07 (brs, 1H), 
8.71 – 8.59 (m, 2H), 8.52 (d, J = 8.0 Hz, 1H), 7.88 – 7.77 (m, 2H), 7.75 – 7.64 (m, 
2H), 7.37 (dd, J = 8.0, 4.0 Hz, 1H), 7.20 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.4 Hz, 1H), 
6.75 (d, J = 8.4 Hz, 2H), 5.38 (t, J = 8.4 Hz, 1H), 3.96 (s, 3H), 3.75 (d, J = 8.4 Hz, 
2H), 3.71 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.09, 166.14, 158.57, 150.70, 
148.81, 139.28, 134.22, 131.78, 131.26, 130.13, 128.83, 127.42, 123.62, 120.81, 
120.44, 117.02, 114.19, 104.29, 56.49, 55.86, 55.25, 34.07. HRMS (EI) m/z: 481.1638 
(M +); calc. for C28H23N3O5: 481.1638.  
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(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(3-methoxyphenyl)-N-(5-methoxyquinolin-8-yl)
propanamide (2f) 
 
The title compound 2f was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : ethyl acetate : acetone = 6 : 1 : 1 gave 2f 
as a light yellow solid (0.385 g, 80%). 1H NMR (400 MHz, CDCl3) δ 10.07 (brs, 1H), 
8.65 (d, J = 8.4 Hz, 1H), 8.62 (dd, J = 4.0, 1.6 Hz, 1H), 8.51 (dd, J = 8.4, 1.2 Hz, 1H), 
7.87 – 7.79 (m, 2H), 7.73 – 7.66 (m, 2H), 7.36 (dd, J = 8.4, 4.0 Hz, 1H), 7.13 (t, J = 
8.0 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 6.85 – 6.78 (m, 2H), 6.70 (dd, J = 8.4, 1.6 Hz, 
1H), 5.44 (dd, J = 9.2, 7.2 Hz, 1H), 3.96 (s, 3H), 3.83 – 3.76 (m, 2H), 3.67 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 168.04, 166.03, 159.85, 150.72, 148.83, 139.28, 
138.47, 134.25, 131.79, 131.26, 129.79, 127.39, 123.63, 121.42, 120.81, 120.44, 
117.02, 114.25, 113.06, 104.28, 56.23, 55.86, 55.20, 34.94. HRMS (EI) m/z: 481.1639 
(M +); calc. for C28H23N3O5: 481.1638. 
(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(4-fluorophenyl)-N-(5-methoxyquinolin-8-yl)pr
opanamide (2g) 
 
The title compound 2g was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 5 : 3 : 
0.6 gave 2g as a white solid (0.376 g, 80%). 1H NMR (400 MHz, CDCl3) δ 10.05 (brs, 
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1H), 8.64 (d, J = 8.4 Hz, 1H), 8.60 (dd, J = 4.0, 1.6 Hz, 1H), 8.50 (dd, J = 8.4, 1.6 Hz, 
1H), 7.89 – 7.76 (m, 2H), 7.74 – 7.63 (m, 2H), 7.35 (dd, J = 8.4, 4.4 Hz, 1H), 7.26 – 
7.21 (m, 2H), 6.90 (t, J = 8.8 Hz, 2H), 6.80 (d, J = 8.4 Hz, 1H), 5.39 (dd, J = 9.2, 8.0 
Hz, 1H), 3.95 (s, 3H), 3.82 – 3.73 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 167.99, 
165.81, 161.91 (d, J = 246.0 Hz), 150.75, 148.81, 139.23, 134.32, 132.64 (d, J = 3.2 
Hz), 131.65, 131.27, 130.64 (d, J = 8.1 Hz), 127.29, 123.65, 120.81, 120.43, 117.02, 
115.64 (d, J = 21.4 Hz), 104.26, 56.25, 55.84, 34.08. HRMS (EI) m/z: 469.1440 (M +); 
calc. for C27H20FN3O4: 469.1438.  
(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(3-fluorophenyl)-N-(5-methoxyquinolin-8-yl)pr
opanamide (2h) 
N OO HN
O N O
F  
The title compound 2h was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 4 : 4 : 
0.5 gave 2h as a light yellow solid (0.399 g, 85%). 1H NMR (400 MHz, CDCl3) δ 
10.05 (brs, 1H), 8.63 (d, J = 8.4 Hz, 1H), 8.60 (dd, J = 4.0, 1.6 Hz, 1H), 8.51 (dd, J = 
8.4, 1.6 Hz, 1H), 7.88 – 7.78 (m, 2H), 7.75 – 7.66 (m, 2H), 7.36 (dd, J = 8.4, 4.0 Hz, 
1H), 7.23 – 7.15 (m, 1H), 7.11 – 7.05 (m, J = 7.7 Hz, 1H), 7.04 – 6.97 (m, J = 9.7 Hz, 
1H), 6.85 (td, J = 8.4, 2.0 Hz, 1H), 6.80 (d, J = 8.4 Hz, 1H), 5.41 (dd, J = 9.2, 7.2 Hz, 
1H), 3.96 (s, 3H), 3.85 – 3.75 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 167.98, 165.69, 
162.96 (d, J = 247.2 Hz), 150.78, 148.84, 139.55 (d, J = 7.5 Hz), 139.24, 134.35, 
131.67, 131.29, 130.28 (d, J = 8.4 Hz), 127.26, 124.76 (d, J = 2.8 Hz), 123.70, 120.83, 
120.44, 117.04, 116.15 (d, J = 21.5 Hz), 114.02 (d, J = 21.1 Hz), 104.26, 56.00, 55.85, 
34.60. HRMS (EI) m/z: 469.1440 (M +); calc. for C27H20FN3O4: 469.1438.  
(S)-3-(3-Chloro-4-fluorophenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(5-methoxyquinoli
n-8-yl)propanamide (2i) 
 S10
N OO HN
O N O
F Cl  
The title compound 2i was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : ethyl acetate = 3 : 1 gave 2i as a white 
solid (0.383 g, 76%). 1H NMR (400 MHz, CDCl3) δ 10.00 (brs, 1H), 8.67 – 8.56 (m, 
2H), 8.51 (dd, J = 8.4, 1.6 Hz, 1H), 7.93 – 7.78 (m, 2H), 7.76 – 7.64 (m, 2H), 7.40 – 
7.29 (m, 2H), 7.20 – 7.10 (m, 1H), 6.99 (t, J = 8.8 Hz, 1H), 6.80 (d, J = 8.4 Hz, 1H), 
5.36 (dd, J = 10.4, 6.4 Hz, 1H), 3.96 (s, 3H), 3.82 – 3.67 (m, 2H). 13C NMR (101 
MHz, CDCl3) δ 167.99, 165.48, 157.25 (d, J = 249.0 Hz), 150.83, 148.86, 139.22, 
134.46, 134.13 (d, J = 4.0 Hz), 131.62, 131.31, 128.81 (d, J = 7.2 Hz), 127.18, 123.78, 
121.15 (d, J = 17.8 Hz), 120.86, 120.46, 117.07, 116.88 (d, J = 21.0 Hz), 104.25, 
55.97, 55.87, 33.97. HRMS (EI) m/z: 503.1053 (M +); calc. for C27H19ClFN3O4: 
503.1048.  
(S)-3-(4-Acetamidophenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(5-methoxyquinolin-8-
yl)propanamide (2j) 
 
The title compound 2j was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : acetone = 1.4 : 1 gave 2j as a white solid 
(0.473 g, 93%). 1H NMR (400 MHz, CDCl3) δ 10.09 (brs, 1H), 8.68 – 8.55 (m, J = 
8.6 Hz, 2H), 8.50 (dd, J = 8.4, 1.6 Hz, 1H), 7.84 – 7.73 (m, 2H), 7.72 – 7.63 (m, 2H), 
7.58 (brs, 1H), 7.43 – 7.29 (m, 3H), 7.19 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 8.8 Hz, 1H), 
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5.39 (dd, J = 9.6, 6.8 Hz, 1H), 3.95 (s, 3H), 3.81 – 3.69 (m, 2H), 2.07 (s, 3H). 13C 
NMR (101 MHz, CDCl3) δ 168.50, 168.08, 166.05, 150.78, 148.88, 139.27, 137.05, 
134.31, 132.50, 131.67, 131.26, 129.58, 127.29, 123.65, 120.84, 120.44, 120.00, 
117.04, 104.24, 56.30, 55.85, 34.28, 24.60. HRMS (EI) m/z: 508.1760 (M +); calc. for 
C29H24N4O5: 508.1747. 
(S)-3-(4-Acetamido-3-chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(5-methoxyqu
inolin-8-yl)propanamide (2k) 
N OO HN
O N
NHAc
O
Cl  
The title compound 2k was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : acetone = 1.7 : 1 gave 2k as a white 
solid (0.369 g, 68%). 1H NMR (400 MHz, CDCl3) δ 10.03 (brs, 1H), 8.68 – 8.56 (m, 
2H), 8.51 (dd, J = 8.4, 1.6 Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H), 7.88 – 7.78 (m, 2H), 7.76 
– 7.67 (m, 2H), 7.53 (brs, 1H), 7.40 – 7.30 (m, 2H), 7.17 (d, J = 8.4 Hz, 1H), 6.79 (d, 
J = 8.4 Hz, 1H), 5.36 (t, J = 8.4 Hz, 1H), 3.96 (s, 3H), 3.74 (d, J = 8.4 Hz, 2H), 2.17 
(s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.21, 168.00, 165.64, 150.81, 148.87, 
139.27, 134.38, 133.65, 133.57, 131.70, 131.30, 129.51, 128.44, 127.27, 123.76, 
122.64, 121.66, 120.83, 120.47, 117.06, 104.28, 56.01, 55.87, 34.04, 24.92. HRMS 
(EI) m/z: 542.1351 (M +); calc. for C29H23ClN4O5: 542.1357. 
(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(4-methoxy-3-nitrophenyl)-N-(5-methoxyquino
lin-8-yl)propanamide (2l) 
 S12
 
The title compound 2l was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 5 : 
0.5 gave 2l as a yellow solid (0.421 g, 80%). 1H NMR (400 MHz, CDCl3) δ 10.02 (brs, 
1H), 8.65 – 8.56 (m, 2H), 8.51 (d, J = 8.4 Hz, 1H), 7.89 – 7.80 (m, 2H), 7.79 – 7.67 
(m, 3H), 7.50 (dd, J = 8.8, 1.6 Hz, 1H), 7.36 (dd, J = 8.4, 4.4 Hz, 1H), 6.95 (d, J = 8.8 
Hz, 1H), 6.80 (d, J = 8.8 Hz, 1H), 5.36 (dd, J = 10.0, 6.4 Hz, 1H), 3.96 (s, 3H), 3.87 (s, 
3H), 3.83 – 3.69 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 167.99, 165.39, 152.04, 
150.87, 148.90, 139.48, 139.23, 134.90, 134.53, 131.58, 131.34, 129.47, 127.14, 
126.30, 123.84, 120.88, 120.47, 117.09, 114.01, 104.25, 56.58, 55.91, 55.88, 33.63. 
HRMS (EI) m/z: 526.1492 (M +); calc. for C28H22N4O7: 526.1488.  
(S)-5-(2-(1,3-Dioxoisoindolin-2-yl)-3-((5-methoxyquinolin-8-yl)amino)-3-oxoprop
yl)-2-methoxy-3-methylphenyl 4-methylbenzenesulfonate (2m) 
 
The title compound 2m was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : acetone = 2.7 : 1 gave 2m as a yellow 
solid (0.552 g, 83%). 1H NMR (400 MHz, CDCl3) δ 9.97 (brs, 1H), 8.66 – 8.56 (m, 
2H), 8.51 (dd, J = 8.4, 1.6 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.75 – 7.68 (m, 2H), 7.63 (d, 
J = 8.0 Hz, 2H), 7.37 (dd, J = 8.4, 4.4 Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 6.99 (d, J = 
1.6 Hz, 1H), 6.83 – 6.75 (m, 2H), 5.23 (dd, J = 10.0, 6.4 Hz, 1H), 3.96 (s, 3H), 3.71 – 
 S13
3.56 (m, 5H), 2.41 (s, 3H), 2.07 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.01, 
165.73, 150.77, 149.89, 148.91, 145.38, 142.52, 139.22, 134.32, 133.46, 133.08, 
132.47, 131.78, 131.26, 130.35, 129.71, 128.52, 127.28, 123.68, 121.87, 120.86, 
120.43, 116.99, 104.23, 60.72, 56.09, 55.85, 34.15, 21.82, 16.06. HRMS (EI) m/z: 
665.1855 (M +); calc. for C36H31N3O8S: 665.1832.  
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-(5-methoxyquinolin-8-yl)-3-(thiophen-2-yl)pro
panamide (2n) 
 
The title compound 2n was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 5 : 3 : 
0.6 gave 2n as a light yellow solid (0.412 g, 90%). 1H NMR (400 MHz, CDCl3) δ 
10.07 (brs, 1H), 8.64 (d, J = 8.4 Hz, 1H), 8.60 (dd, J = 4.4, 1.6 Hz, 1H), 8.51 (dd, J = 
8.4, 1.6 Hz, 1H), 7.90 – 7.82 (m, 2H), 7.76 – 7.69 (m, 2H), 7.36 (dd, J = 8.4, 4.4 Hz, 
1H), 7.10 (dd, J = 5.2, 1.2 Hz, 1H), 6.93 – 6.89 (m, 1H), 6.85 (dd, J = 5.2, 3.6 Hz, 1H), 
6.80 (d, J = 8.8 Hz, 1H), 5.39 (dd, J = 10.4, 5.6 Hz, 1H), 4.15 – 3.97 (m, 2H), 3.96 (s, 
3H). 13C NMR (101 MHz, CDCl3) δ 167.95, 165.53, 150.78, 148.85, 139.27, 139.09, 
134.34, 131.81, 131.27, 127.29, 127.10, 126.63, 124.77, 123.72, 120.82, 120.44, 
117.05, 104.27, 56.56, 55.86, 29.11. HRMS (EI) m/z: 457.1093 (M +); calc. for 
C25H19N3O4S: 457.1096.  
(S)-3-(1-Acetyl-1H-indol-3-yl)-2-(1,3-dioxoisoindolin-2-yl)-N-(5-methoxyquinolin
-8-yl)propanamide (2o) 
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The title compound 2o was prepared according to GP2. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 5 : 
0.6 gave 2o as a white solid (0.405 g, 76%). 1H NMR (400 MHz, CDCl3) δ 10.01 (brs, 
1H), 8.63 (d, J = 8.4 Hz, 1H), 8.56 – 8.47 (m, 2H), 8.41 (d, J = 8.0 Hz, 1H), 7.89 – 
7.79 (m, 2H), 7.76 – 7.69 (m, 2H), 7.68 (d, J = 7.2 Hz, 1H), 7.42 – 7.27 (m, 4H), 6.79 
(d, J = 8.8 Hz, 1H), 5.58 (dd, J = 8.8, 6.8 Hz, 1H), 4.03 – 3.97 (m, 1H), 3.96 (s, 3H), 
3.83 (m, 1H), 2.45 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.56, 168.09, 165.73, 
150.76, 148.78, 139.17, 136.09, 134.40, 131.81, 131.27, 130.00, 127.26, 125.69, 
123.89, 123.87, 123.71, 120.82, 120.41, 118.91, 118.01, 117.04, 116.77, 104.25, 55.85, 
54.27, 25.29, 23.99. HRMS (EI) m/z: 532.1752 (M +); calc. for C31H24N4O5: 
532.1747.  
General Procedure (GP3) for Palladium-Catalyzed Methylene 
C(sp3)–H Amidation 
 
To a 50 mL Schlenk tube, 2 (0.5 mmol), Pd(OAc)2 (11.2 mg, 0.05 mmol), NAIO4 
(0.321 g, 1.5 mmol), Ac2O (0.510 g, 5 mmol) and 1,4-dioxane (5 mL) were added. 
The tube was charged with N2 and heated at 90 oC for 24 hours. After cooling to room 
temperature, the reaction mixture was diluted with dichloromethane and filtered 
through a pad of Celite and washed by dichloromethane (30 mL). The organic phase 
was washed with saturated aqueous NaHCO3 (10 mL), dried over anhydrous MgSO4. 
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Evaporation of the organic solvent and purification by silica gel column 
chromatography gave the desired product 3. 
2-((2S,3S)-2-(4-Ethylphenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-3-yl)isoin
doline-1,3-dione (3b) 
 
The title compound 3b was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
1 gave 3b as a white solid (0.189 g, 79%). 1H NMR (400 MHz, CDCl3) δ 8.81 (dd, J 
= 4.0, 1.6 Hz, 1H), 8.44 (dd, J = 8.4, 1.6 Hz, 1H), 8.07 (d, J = 8.4 Hz, 1H), 7.91 – 
7.83 (m, 2H), 7.77 – 7.69 (m, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.29 (dd, J = 8.4, 4.0 Hz, 
1H), 7.05 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 8.4 Hz, 1H), 6.42 (d, J = 2.8 Hz, 1H), 5.42 
(d, J = 2.8 Hz, 1H), 3.95 (s, 3H), 2.52 (q, J = 7.6 Hz, 2H), 1.13 (t, J = 7.6 Hz, 3H). 13C 
NMR (101 MHz, CDCl3) δ 167.09, 163.41, 153.22, 149.90, 144.41, 142.71, 135.15, 
134.48, 132.01, 130.50, 128.29, 126.61, 125.59, 123.79, 123.42, 121.09, 120.66, 
103.97, 64.97, 63.00, 55.96, 28.58, 15.36. HRMS (EI) m/z: 477.1691 (M +); calc. for 
C29H23N3O4: 477.1689. 
2-((3S,4S)-1-(5-Methoxyquinolin-8-yl)-2-oxo-4-(m-tolyl)azetidin-3-yl)isoindoline-
1,3-dione (3c) 
 
The title compound 3c was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
0.5 gave 3c as a yellow solid (0.176 g, 76%). 1H NMR (400 MHz, CDCl3) δ 8.81 (dd, 
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J = 4.0, 1.6 Hz, 1H), 8.44 (dd, J = 8.4, 1.6 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.90 – 
7.84 (m, 2H), 7.76 – 7.70 (m, 2H), 7.29 (dd, J = 8.4, 4.0 Hz, 1H), 7.26 – 7.20 (m, 2H), 
7.10 (t, J = 7.2 Hz, 1H), 7.01 – 6.96 (m, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.40 (d, J = 2.0 
Hz, 1H), 5.42 (d, J = 2.4 Hz, 1H), 3.95 (s, 3H), 2.23 (s, 3H). 13C NMR (101 MHz, 
CDCl3) δ 167.08, 163.39, 153.21, 149.84, 142.66, 138.42, 137.98, 134.48, 131.99, 
130.51, 129.21, 128.64, 127.21, 125.62, 123.79, 123.72, 123.35, 121.09, 120.66, 
103.97, 65.11, 63.01, 55.95, 21.49. HRMS (EI) m/z: 463.1537 (M +); calc. for 
C28H21N3O4: 463.1532.  
2-((2S,3S)-2-(3,4-Dimethylphenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-3-yl)
isoindoline-1,3-dione (3d) 
N O
N
N
O
O
O
 
The title compound 3d was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 4 : 6 : 
1 gave 3d as a light yellow solid (0.203 g, 85%). 1H NMR (400 MHz, CDCl3) δ 8.83 
(dd, J = 4.0 Hz, J = 1.2 Hz, 1H), 8.44 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d, J = 8.4 Hz, 
1H), 7.91 – 7.83 (m, 2H), 7.77 – 7.70 (m, 2H), 7.30 (dd, J = 8.4, 4.0 Hz, 1H), 7.20 (s, 
1H), 7.15 (d, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.36 
(d, J = 2.4 Hz, 1H), 5.41 (d, J = 2.4 Hz, 1H), 3.95 (s, 3H), 2.13 (s, 3H), 2.12 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 167.09, 163.48, 153.25, 149.90, 142.82, 136.97, 
136.86, 135.30, 134.46, 132.04, 130.49, 129.97, 127.86, 125.64, 124.17, 123.78, 
123.50, 121.13, 120.66, 103.97, 64.93, 63.06, 55.96, 19.90, 19.55. HRMS (EI) m/z: 
477.1684 (M +); calc. for C29H23N3O4: 477.1689.  
2-((2S,3S)-2-(4-Methoxyphenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-3-yl)is
oindoline-1,3-dione (3e) 
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The title compound 3e was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
1 gave 3e as a yellow solid (0.182 g, 76%). 1H NMR (400 MHz, CDCl3) δ 8.82 (dd, J 
= 4.0, 1.6 Hz, 1H), 8.45 (dd, J = 8.4, 1.6 Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.91 – 
7.84 (m, 2H), 7.78 – 7.71 (m, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.30 (dd, J = 8.4, 4.4 Hz, 
1H), 6.82 (d, J = 8.4 Hz, 1H), 6.74 (d, J = 8.4 Hz, 2H), 6.38 (d, J = 2.4 Hz, 1H), 5.41 
(d, J = 2.4 Hz, 1H), 3.96 (s, 3H), 3.69 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 167.11, 
163.39, 159.68, 153.26, 149.89, 142.67, 134.49, 132.04, 130.54, 129.87, 128.02, 
125.53, 123.81, 123.45, 121.11, 120.67, 114.22, 103.99, 64.77, 62.98, 55.98, 55.29. 
HRMS (EI) m/z: 479.1487 (M +); calc. for C28H21N3O5: 479.1481.  
2-((2S,3S)-2-(3-Methoxyphenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-3-yl)is
oindoline-1,3-dione (3f) 
 
The title compound 3f was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
1 gave 3f as a yellow solid (0.194 g, 81%). 1H NMR (400 MHz, CDCl3) δ 8.80 (dd, J 
= 4.0 Hz, J = 1.2 Hz, 1H), 8.45 (dd, J = 8.4 Hz, J = 1.2 Hz, 1H), 8.08 (d, J = 8.0 Hz, 
1H), 7.91 – 7.82 (m, 2H), 7.78 – 7.68 (m, 2H), 7.30 (dd, J = 8.4, 4.0 Hz, 1H), 7.17 – 
7.10 (m, 1H), 7.02 – 6.95 (m, 2H), 6.83 (d, J = 8.4 Hz, 1H), 6.75 – 6.67 (m, 1H), 6.39 
(d, J = 2.0 Hz, 1H), 5.42 (d, J = 2.4 Hz, 1H), 3.96 (s, 3H), 3.67 (s, 3H). 13C NMR 
(101 MHz, CDCl3) δ 167.08, 163.30, 159.97, 153.32, 149.92, 142.69, 139.71, 134.52, 
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132.01, 130.59, 129.87, 125.62, 123.83, 123.39, 121.13, 120.70, 118.87, 114.02, 
111.92, 104.01, 65.05, 62.94, 55.98, 55.26. HRMS (EI) m/z: 479.1487 (M +); calc. for 
C28H21N3O5: 479.1481.  
2-((2S,3S)-2-(4-Fluorophenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-3-yl)isoi
ndoline-1,3-dione (3g) 
 
The title compound 3g was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
1 gave 3g as a yellow solid (0.180 g, 77%). 1H NMR (400 MHz, CDCl3) δ 8.77 (dd, J 
= 4.4, 2.0 Hz, 1H), 8.45 (dd, J = 8.4, 2.0 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.90 – 
7.83 (m, 2H), 7.77 – 7.70 (m, 2H), 7.44 – 7.35 (m, 2H), 7.29 (dd, J = 8.4, 4.4 Hz, 1H), 
6.96 – 6.86 (m, 2H), 6.83 (d, J = 8.4 Hz, 1H), 6.43 (d, J = 2.4 Hz, 1H), 5.39 (d, J = 
2.4 Hz, 1H), 3.96 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 167.04, 163.08, 162.66 (d, J 
= 247.8 Hz), 153.22, 149.80, 142.34, 134.55, 133.90 (d, J = 3.1 Hz), 131.91, 130.60, 
128.32 (d, J = 8.4 Hz), 125.33, 123.82, 123.21, 121.05, 120.69, 115.79 (d, J = 21.7 
Hz), 103.98, 64.60, 63.00, 55.97. 19F NMR (376 MHz, CDCl3) δ -113.53. HRMS (EI) 
m/z: 467.1288 (M +); calc. for C27H18FN3O4: 467.1281.  
2-((2S,3S)-2-(3-Fluorophenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-3-yl)isoi
ndoline-1,3-dione (3h) 
 
The title compound 3h was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
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0.6 gave 3h as a light yellow solid (0.079 g, 34%). 1H NMR (400 MHz, CDCl3) δ 
8.75 (dd, J = 4.4, 1.6 Hz, 1H), 8.46 (dd, J = 8.4, 1.6 Hz, 1H), 8.15 (d, J = 8.4 Hz, 1H), 
7.92 – 7.84 (m, 2H), 7.79 – 7.71 (m, 2H), 7.30 (dd, J = 8.4, 4.4 Hz, 1H), 7.22 – 7.17 
(m, 2H), 7.15 – 7.09 (m, 1H), 6.91 – 6.81 (m, 2H), 6.46 (d, J = 2.4 Hz, 1H), 5.39 (d, J 
= 2.8 Hz, 1H), 3.98 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 167.02, 163.06 (d, J = 
247.8 Hz), 162.99, 153.21, 149.80, 142.28, 141.05 (d, J = 7.2 Hz), 134.60, 131.96, 
130.63, 130.49 (d, J = 8.3 Hz), 125.40, 123.90, 123.07, 122.03 (d, J = 2.8 Hz), 121.09, 
120.73, 115.34 (d, J = 21.0 Hz), 113.51 (d, J = 22.2 Hz), 104.06, 64.82 (d, J = 1.7 Hz), 
63.03, 56.01. 19F NMR (376 MHz, CDCl3) δ -112.35. HRMS (EI) m/z: 467.1282 (M 
+); calc. for C27H18FN3O4: 467.1281.  
2-((2S,3S)-2-(3-Chloro-4-fluorophenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin
-3-yl)isoindoline-1,3-dione (3i) 
 
The title compound 3i was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : ethyl acetate = 2 : 1 gave 3i as a light 
yellow solid (0.150 g, 60%). 1H NMR (400 MHz, CDCl3) δ 8.76 (dd, J = 4.0, 1.6 Hz, 
1H), 8.47 (dd, J = 8.4, 1.6 Hz, 1H), 8.14 (d, J = 8.4 Hz, 1H), 7.91 – 7.85 (m, 2H), 7.78 
– 7.72 (m, 2H), 7.50 (dd, J = 6.8, 2.0 Hz, 1H), 7.31 (dd, J = 8.4, 4.0 Hz, 2H), 6.99 (t, J 
= 8.4 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 6.40 (d, J = 2.8 Hz, 1H), 5.37 (d, J = 2.8 Hz, 
1H), 3.98 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 166.99, 162.85, 157.98 (d, J = 
250.8 Hz), 153.31, 149.81, 142.19, 135.52 (d, J = 3.7 Hz), 134.64, 131.89, 130.73, 
128.99, 126.31 (d, J = 7.5 Hz), 125.13, 123.91, 123.21, 121.50 (d, J = 18.1 Hz), 
121.10, 120.79, 117.06 (d, J = 21.5 Hz), 104.07, 64.28, 63.04, 56.02. 19F NMR (376 
MHz, CDCl3) δ -115.64. HRMS (EI) m/z: 501.0891 (M +); calc. for C27H17ClFN3O4: 
501.0892.  
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N-(4-((2S,3S)-3-(1,3-Dioxoisoindolin-2-yl)-1-(5-methoxyquinolin-8-yl)-4-oxoazeti
din-2-yl)phenyl)acetamide (3j) 
N O
N
N
O
O
O
AcHN
 
The title compound 3j was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : acetone = 1 : 1 gave 3j as a light yellow 
solid (0.134 g, 53%). 1H NMR (400 MHz, CDCl3) δ 8.75 (dd, J = 4.0, 1.6 Hz, 1H), 
8.42 (dd, J = 8.4, 1.6 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.87 – 7.79 (m, 2H), 7.76 – 
7.68 (m, 2H), 7.57 (brs, 1H), 7.31 (s, 4H), 7.25 (dd, J = 8.4 Hz, J = 4.0 Hz, 1H), 6.77 
(d, J = 8.4 Hz, 1H), 6.35 (d, J = 2.4 Hz, 1H), 5.38 (d, J = 2.8 Hz, 1H), 3.93 (s, 3H), 
1.99 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.55, 167.08, 163.46, 153.37, 149.93, 
142.52, 138.23, 134.56, 133.25, 131.88, 130.60, 127.29, 125.31, 123.83, 123.37, 
121.07, 120.72, 119.96, 103.93, 64.75, 62.80, 55.98, 24.49. HRMS (ESI) m/z: 
507.1646 (M+H+); calc. for C29H23N4O5: 507.1663. 
N-(2-Chloro-4-((2S,3S)-3-(1,3-dioxoisoindolin-2-yl)-1-(5-methoxyquinolin-8-yl)-4-
oxoazetidin-2-yl)phenyl)acetamide (3k) 
N O
N
N
O
O
O
AcHN
Cl
 
The title compound 3k was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : acetone = 1.4 : 1 gave 3k as a yellow 
solid (0.157 g, 58%). 1H NMR (400 MHz, CDCl3) δ 8.76 (dd, J = 4.0, 1.6 Hz, 1H), 
8.44 (dd, J = 8.4, 1.6 Hz, 1H), 8.20 (d, J = 8.4 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.89 
– 7.83 (m, 2H), 7.77 – 7.70 (m, 2H), 7.52 (brs, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.32 (dd, 
J = 8.4, 2.0 Hz, 1H), 7.29 (dd, J = 8.4, 4.0 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 6.36 (d, 
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J = 2.8 Hz, 1H), 5.38 (d, J = 2.8 Hz, 1H), 3.96 (s, 3H), 2.14 (s, 3H). 13C NMR (101 
MHz, CDCl3) δ 168.29, 166.99, 162.99, 153.29, 149.84, 142.29, 134.77, 134.61, 
134.58, 131.89, 130.64, 127.16, 126.11, 125.19, 123.86, 123.27, 122.84, 121.73, 
121.07, 120.74, 104.03, 64.41, 62.94, 55.99, 24.85. HRMS (EI) m/z: 540.1207 (M +); 
calc. for C29H21ClN4O5: 540.1200.  
2-((2S,3S)-2-(4-Methoxy-3-nitrophenyl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidi
n-3-yl)isoindoline-1,3-dione (3l) 
 
The title compound 3l was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
1.5 gave 3l as a yellow solid (0.210 g, 80%). 1H NMR (400 MHz, CDCl3) δ 8.76 (dd, 
J = 4.4, 1.6 Hz, 1H), 8.44 (dd, J = 8.4, 1.6 Hz, 1H), 8.13 (d, J = 8.4 Hz, 1H), 8.00 (d, 
J = 2.4 Hz, 1H), 7.91 – 7.82 (m, 2H), 7.79 – 7.70 (m, 2H), 7.63 (dd, J = 8.8, 2.0 Hz, 
1H), 7.30 (dd, J = 8.4, 4.4 Hz, 1H), 6.93 (d, J = 8.8 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 
6.42 (d, J = 2.8 Hz, 1H), 5.41 (d, J = 2.8 Hz, 1H), 3.96 (s, 3H), 3.82 (s, 3H). 13C NMR 
(101 MHz, CDCl3) δ 166.97, 162.84, 153.33, 153.00, 149.86, 142.07, 139.44, 134.65, 
132.14, 131.82, 130.72, 130.66, 124.97, 124.77, 123.89, 123.28, 121.04, 120.80, 
114.12, 104.04, 64.05, 62.84, 56.62, 55.99. HRMS (EI) m/z: 524.1339 (M +); calc. for 
C28H20N4O7: 524.1332.  
5-((2S,3S)-3-(1,3-Dioxoisoindolin-2-yl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-
2-yl)-2-methoxy-3-methylphenyl 4-methylbenzenesulfonate (3m) 
N O
N
N
O
O
O
O
TsO
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The title compound 3m was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : acetone = 1.8 : 1 gave 3m as a yellow 
solid (0.279 g, 84%). 1H NMR (400 MHz, CDCl3) δ 8.80 (dd, J = 4.0, 1.6 Hz, 1H), 
8.47 (dd, J = 8.4, 1.4 Hz, 1H), 8.07 (d, J = 8.4 Hz, 1H), 7.92 – 7.85 (m, 2H), 7.79 – 
7.73 (m, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.32 (dd, J = 8.4, 4.0 Hz, 1H), 7.18 (d, J = 8.0 
Hz, 2H), 7.10 (d, J = 1.6 Hz, 1H), 6.97 (d, J = 2.0 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 
6.29 (d, J = 2.4 Hz, 1H), 5.24 (d, J = 2.8 Hz, 1H), 3.98 (s, 3H), 3.63 (s, 3H), 2.37 (s, 
3H), 2.07 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 167.01, 163.00, 153.21, 150.70, 
149.94, 145.47, 142.55, 142.36, 134.60, 133.66, 133.58, 132.65, 131.93, 130.55, 
129.65, 128.58, 127.28, 125.29, 123.86, 123.24, 121.03, 120.70, 119.66, 104.02, 
64.36, 63.00, 60.71, 56.01, 21.77, 16.30. HRMS (ESI) m/z: 664.1722 (M+H+); calc. 
for C36H30N3O8S: 664.1748.  
2-((3S,4R)-1-(5-Methoxyquinolin-8-yl)-2-oxo-4-(thiophen-2-yl)azetidin-3-yl)isoin
doline-1,3-dione (3n) 
 
The title compound 3n was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
1 gave 3n as a yellow solid (0.155 g, 68%). 1H NMR (400 MHz, CDCl3) δ 8.85 (dd, J 
= 4.0, 2.0 Hz, 1H), 8.47 (dd, J = 8.4, 2.0 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.89 – 
7.83 (m, 2H), 7.75 – 7.70 (m, 2H), 7.33 (dd, J = 8.4, 4.0 Hz, 1H), 7.14 – 7.09 (m, 2H), 
6.85 – 6.80 (m, 2H), 6.79 (d, J = 2.8 Hz, 1H), 5.61 (d, J = 2.8 Hz, 1H), 3.95 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 166.97, 162.86, 153.37, 149.99, 142.79, 140.78, 
134.53, 131.89, 130.60, 127.00, 126.28, 125.79, 124.88, 123.87, 123.81, 121.05, 
120.72, 103.94, 63.20, 61.01, 55.95. HRMS (EI) m/z: 455.0948 (M +); calc. for 
C25H17N3O4S: 455.0940.  
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2-((2S,3S)-2-(1-Acetyl-1H-indol-3-yl)-1-(5-methoxyquinolin-8-yl)-4-oxoazetidin-3
-yl)isoindoline-1,3-dione (3o) 
 
The title compound 3o was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 1 : 6 : 
1.2 gave 3o as a yellow solid (0.111 g, 42%). 1H NMR (400 MHz, CDCl3) δ 8.81 (dd, 
J = 4.0, 1.6 Hz, 1H), 8.46 (dd, J = 8.4, 1.6 Hz, 1H), 8.32 (d, J = 7.6 Hz, 1H), 8.09 (d, 
J = 8.4 Hz, 1H), 7.91 – 7.85 (m, 2H), 7.79 – 7.72 (m, 2H), 7.68 (d, J = 7.2 Hz, 1H), 
7.54 (s, 1H), 7.33 – 7.23 (m, 3H), 6.80 (d, J = 8.4 Hz, 1H), 6.64 (d, J = 2.4 Hz, 1H), 
5.72 (d, J = 2.8 Hz, 1H), 3.94 (s, 3H), 2.45 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
168.36, 167.06, 163.20, 153.53, 149.97, 142.92, 136.19, 134.60, 131.93, 130.81, 
128.35, 125.67, 125.57, 124.33, 124.04, 123.89, 123.75, 121.19, 120.78, 119.45, 
119.32, 116.90, 104.06, 61.59, 59.13, 55.98, 23.96. HRMS (EI) m/z: 530.1592 (M +); 
calc. for C31H22N4O5: 530.1590.  
General Procedure (GP4) for Removal of the Directing Group 
 
To an ice-water cooled solution of 3 (0.1 mmol) in acetonitrile (1.5 mL) and water 
(0.5 mL) was added ceric ammonium nitrate (3 equiv) in one portion. The reaction  
was kept in ice-water bath for 1 h. After completion, the reaction was diluted with  
ethyl acetate (25 mL), washed with saturated sodium thiosulfate (2 × 10 mL) and 
brine (10 mL), dried over anhydrous Na2SO4. Evaporation of the organic solvent and 
purification by silica gel column chromatography gave the desired product 4. 
2-((2S,3S)-2-(4-Ethylphenyl)-4-oxoazetidin-3-yl)isoindoline-1,3-dione (4b) 
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The title compound 4b was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 2 : 4 : 
1 gave 4b as a white solid (22.7 mg, 71%). 1H NMR (400 MHz, CDCl3) δ 7.93 – 7.83 
(m, 2H), 7.79 – 7.72 (m, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 6.55 
(brs, 1H), 5.20 (d, J = 2.4 Hz, 1H), 5.11 (d, J = 2.8 Hz, 1H), 2.65 (q, J = 7.6 Hz, 2H), 
1.23 (t, J = 7.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 167.04, 165.43, 145.23, 
134.91, 134.64, 131.83, 128.68, 126.02, 123.91, 63.48, 57.39, 28.71, 15.65. HRMS 
(EI) m/z: 320.1167 (M +); calc. for C19H16N2O3: 320.1161.  
2-((2S,3S)-2-(4-Fluorophenyl)-4-oxoazetidin-3-yl)isoindoline-1,3-dione (4c) 
NH
N
O
O
O
F
 
The title compound 4c was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : diethyl ether : ethyl 
acetate = 3 : 4 : 2 : 0.8 gave 4c as a white solid (22.6 mg, 73%). 1H NMR (400 MHz, 
CDCl3) δ 7.92 – 7.84 (m, 2H), 7.80 – 7.73 (m, 2H), 7.40 – 7.33 (m, 2H), 7.12 – 7.04 
(m, 2H), 6.63 (brs, 1H), 5.17 (d, J = 2.8 Hz, 1H), 5.13 (d, J = 2.8 Hz, 1H). 13C NMR 
(101 MHz, CDCl3) δ 167.02, 165.29, 163.07 (d, J = 248.8 Hz), 134.75, 133.55 (d, J = 
3.1 Hz), 131.77, 127.80 (d, J = 8.4 Hz), 123.98, 116.24 (d, J = 21.9 Hz), 63.63, 56.92. 
19F NMR (376 MHz, CDCl3) δ -112.55. HRMS (EI) m/z: 310.0750 (M +); calc. for 
C17H11FN2O3: 310.0754.  
N-(4-((2S,3S)-3-(1,3-Dioxoisoindolin-2-yl)-4-oxoazetidin-2-yl)phenyl)acetamide 
(4d) 
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NH
N
O
O
O
AcHN
 
The title compound 4d was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 1 : 4 : 
5 gave 4d as a yellow solid (18.5 mg, 53%). 1H NMR (400 MHz, d6-DMSO) δ 9.99 
(brs, 1H), 8.93 (brs, 1H), 7.98 – 7.84 (m, 4H), 7.58 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 
8.4 Hz, 2H), 4.96 (d, J = 2.4 Hz, 1H), 4.90 (d, J = 2.4 Hz, 1H), 2.04 (s, 3H). 13C NMR 
(101 MHz, d6-DMSO) δ 168.33, 166.79, 164.65, 139.19, 134.87, 133.43, 131.36, 
126.50, 123.47, 119.02, 62.71, 55.37, 23.99. HRMS (EI) m/z: 349.1068 (M +); calc. 
for C19H15N3O4: 349.1063.   
N-(2-Chloro-4-((2S,3S)-3-(1,3-dioxoisoindolin-2-yl)-4-oxoazetidin-2-yl)phenyl)ace
tamide (4e) 
 
The title compound 4e was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 1 : 4 : 
2.5 gave 4e as a yellow solid (19.2 mg, 50%). 1H NMR (400 MHz, d6-DMSO) δ 9.55 
(brs, 1H), 8.97 (brs, 1H), 7.96 – 7.86 (m, 4H), 7.72 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 
1.6 Hz, 1H), 7.40 (dd, J = 8.4, 1.6 Hz, 1H), 5.01 (d, J = 2.4 Hz, 1H), 4.97 (d, J = 2.4 
Hz, 1H), 2.10 (s, 3H). 13C NMR (101 MHz, d6-DMSO) δ 168.68, 166.78, 164.50, 
137.21, 134.83, 134.68, 131.45, 127.14, 126.40, 126.23, 124.86, 123.45, 62.54, 54.75, 
23.32. HRMS (EI) m/z: 383.0678 (M +); calc. for C19H14ClN3O4: 383.0673.   
2-((2S,3S)-2-(4-Methoxy-3-nitrophenyl)-4-oxoazetidin-3-yl)isoindoline-1,3-dione 
(4f) 
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The title compound 4f was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
2.5 gave 4f as a white solid (30.5 mg, 83%). 1H NMR (400 MHz, CDCl3) δ 7.92 – 
7.84 (m, 3H), 7.80 – 7.74 (m, 2H), 7.62 (dd, J = 8.8, 2.4 Hz, 1H), 7.15 (d, J = 8.8 Hz, 
1H), 6.74 (brs, 1H), 5.16 (d, J = 2.8 Hz, 1H), 5.14 (d, J = 2.4 Hz, 1H), 3.98 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 166.97, 165.06, 153.43, 139.77, 134.86, 131.72, 
131.56, 130.26, 124.07, 123.74, 114.62, 63.70, 56.92, 56.24. HRMS (EI) m/z: 
367.0811 (M +); calc. for C18H13N3O6: 367.0804.  
5-((2S,3S)-3-(1,3-Dioxoisoindolin-2-yl)-4-oxoazetidin-2-yl)-2-methoxy-3-methylph
enyl 4-methylbenzenesulfonate (4g) 
 
The title compound 4g was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 3 : 6 : 
2 gave 4g as a white solid (29.4 mg, 58%). 1H NMR (400 MHz, CDCl3) δ 7.92 – 7.86 
(m, 2H), 7.81 – 7.73 (m, 4H), 7.34 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 1.2 Hz, 1H), 6.85 
(d, J = 1.6 Hz, 1H), 6.44 (brs, 1H), 5.03 (d, J = 2.8 Hz, 1H), 4.99 (d, J = 2.4 Hz, 1H), 
3.74 (s, 3H), 2.42 (s, 3H), 2.22 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 166.97, 165.05, 
151.35, 145.76, 142.88, 134.77, 134.34, 133.17, 132.94, 131.77, 129.91, 128.65, 
126.95, 123.99, 118.96, 63.60, 60.91, 56.55, 21.83, 16.36. HRMS (EI) m/z: 506.1146 
(M +); calc. for C26H22N2O7S: 506.1148.  
2-((3S,4R)-2-oxo-4-(thiophen-2-yl)azetidin-3-yl)isoindoline-1,3-dione (4h) 
 S27
 
The title compound 4h was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 2 : 6 : 
1 gave 4h as a white solid (6.3 mg, 21%). 1H NMR (400 MHz, CDCl3) δ 7.92 – 7.85 
(m, 2H), 7.80 – 7.74 (m, 2H), 7.33 (dd, J = 5.2, 1.2 Hz, 1H), 7.11 (dd, J = 3.6 Hz, J = 
1.2 Hz, 1H), 7.00 (dd, J = 5.2, 3.6 Hz, 1H), 6.53 (brs, 1H), 5.40 (d, J = 2.4 Hz, 1H), 
5.33 (d, J = 2.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 166.96, 164.86, 141.53, 
134.74, 131.80, 127.54, 126.22, 125.90, 124.00, 64.22, 53.51. HRMS (EI) m/z: 
298.0416 (M +); calc. for C15H10N2O3S: 298.0412.  
Synthesis of Orthogonally Protected trans-α,β-Diamine 
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(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-(5-methoxyquinolin-8-yl)-3-phenylpropanami
de (2a) 
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The compound 2a was prepared according to GP2. Purified by silica gel column 
chromatography in petroleum ether : ethyl acetate = 4 : 1 gave 2a as a white solid 
(0.370 g, 82 %). 1H NMR (400 MHz, CDCl3) δ 10.09 (brs, 1H), 8.65 (d, J = 8.4 Hz, 
1H), 8.61 (dd, J = 4.0, 1.6 Hz, 1H), 8.51 (dd, J = 8.4, 1.6 Hz, 1H), 7.87 – 7.75 (m, 2H), 
7.73 – 7.64 (m, 2H), 7.36 (dd, J = 8.4, 4.4 Hz, 1H), 7.32 – 7.27 (m, 2H), 7.25 – 7.19 
(m, 2H), 7.18 – 7.12 (m, 1H), 6.80 (d, J = 8.8 Hz, 1H), 5.44 (t, J = 8.4 Hz, 1H), 3.96 
(s, 3H), 3.81 (d, J = 8.4 Hz, 2H). 
2-((3S,4S)-1-(5-Methoxyquinolin-8-yl)-2-oxo-4-phenylazetidin-3-yl)isoindoline-1,
3-dione (3a) 
 
The title compound 3a was prepared according to GP3. A purification by silica gel 
column chromatography in petroleum ether : ethyl acetate = 2 : 1 gave 3a as a white 
solid (0.180 g, 80%). 1H NMR (400 MHz, CDCl3) δ 8.78 (dd, J = 4.0, 1.6 Hz, 1H), 
8.44 (dd, J = 8.4, 1.6 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.91 – 7.83 (m, 2H), 7.78 – 
7.70 (m, 2H), 7.46 – 7.37 (m, 2H), 7.29 (dd, J = 8.4, 4.0 Hz, 1H), 7.25 – 7.14 (m, 3H), 
6.83 (d, J = 8.4 Hz, 1H), 6.46 (d, J = 2.8 Hz, 1H), 5.43 (d, J = 2.4 Hz, 1H), 3.96 (s, 
3H). 13C NMR (101 MHz, CDCl3) δ 167.08, 163.30, 153.17, 149.83, 142.49, 138.09, 
134.52, 131.96, 130.53, 128.80, 128.37, 126.55, 125.55, 123.82, 123.23, 121.06, 
120.66, 103.97, 65.20, 62.97, 55.96. HRMS (EI) m/z: 449.1378 (M +); calc. for 
C27H19N3O4: 449.1376.  
2-((3S,4S)-2-oxo-4-phenylazetidin-3-yl)isoindoline-1,3-dione (4a) 
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The title compound 4a was prepared according to GP4. A purification by silica gel 
column chromatography in petroleum ether : dichloromethane : ethyl acetate = 2 : 4 : 
1 gave 4a as a white solid (21.6 mg, 74%). 1H NMR (400 MHz, CDCl3) δ 7.91 – 7.84 
(m, 2H), 7.79 – 7.73 (m, 2H), 7.42 – 7.32 (m, 5H), 6.67 (brs, 1H), 5.21 (d, J = 2.8 Hz, 
1H), 5.14 (d, J = 2.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 167.03, 165.41, 137.72, 
134.67, 131.79, 129.19, 128.94, 125.96, 123.93, 63.46, 57.52. HRMS (EI) m/z: 
292.0850 (M +); calc. for C17H12N2O3: 292.0848. Enantiomeric excess was determined 
by HPLC with a Daicel Chiralpak AD-H, n-hexane/2-propanol = 20/80, v = 0.8 
mL⋅min-1, λ = 254 nm, t (minor) = 5.874 min, t (major) = 9.612 min, 97% ee. 
 
Chiral HPLC Data  
HPLC Conditions:  
Chiral Stationary phase: Chiralpak® AD-H, n-hexane/isopropanol = 20:80, v = 0.8 
ml/min, Signal: VWD1 A, Wavelength = 254 nm 
 
 
 
(3S,4S)-tert-Butyl-3-(1,3-dioxoisoindolin-2-yl)-2-oxo-4-phenylazetidine-1-carboxy
late (5a) 
 S30
 
To a solution of compound 4a (20.4 mg, 0.07 mmol, 1 equiv) in anhydrous 
dichloromethane (2 mL) was added 4-(dimethylamino)pyridine (11.8 mg, 0.105 mmol, 
1.5 equiv) and Boc anhydride (61.1 mg, 0.28 mmol, 4 equiv). The mixture was stirred 
at room temperature for 1 hour then concentrated under reduced pressure. A 
purification by silica gel column chromatography in petroleum ether : 
dichloromethane : ethyl acetate = 3 : 6 : 1 gave 5a as a white solid (26.1 mg, 95%). 1H 
NMR (400 MHz, CDCl3) δ 7.92 – 7.84 (m, 2H), 7.81 – 7.73 (m, 2H), 7.44 – 7.32 (m, 
5H), 5.28 (d, J = 3.2 Hz, 1H), 5.24 (d, J = 3.2 Hz, 1H), 1.40 (s, 9H). 13C NMR (101 
MHz, CDCl3) δ 166.64, 162.72, 147.32, 136.14, 134.83, 131.67, 129.14, 126.22, 
124.03, 83.97, 61.77, 60.65, 27.93. HRMS (ESI) m/z: 415.1256 (M+Na+); calc. for 
C22H20N2O5Na: 415.1264. 
(2S,3R)-Methyl-3-((tert-butoxycarbonyl)amino)-2-(1,3-dioxoisoindolin-2-yl)-3-ph
enylpropanoate (6a) 
N
O
OHNO
O
OO
 
A solution of compound 5a (23.5 mg, 0.06 mmol, 1 equiv) in THF and water (1 mL : 
0.3 mL) was cooled to 0 oC then 30% H2O2 (60 µL, 0.528 mmol, 8.8 equiv) and 
lithium hydroxide monohydrate (2.7 mg, 0.066 mmol, 1.1 equiv) were added and 
stirred at 0 oC for 1 hour. The reaction was quenched at 0 oC with 1.5 M aqueous 
sodium thiosulfate (1.5 mL) and the solvent was concentrated under reduced pressure. 
The residue was washed with dichloromethane (10 mL), then the aqueous phase was 
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acidified to pH = 2 with 10% aqueous hydrochloric acid and extracted with ethyl 
acetate (2 × 15 mL). Evaporation of organic solvent gave the crude residue. 
1-Methyl-1-nitrosourea was added in one portion to a stirring mixture of diethyl ether 
(20 mL) and aqueous KOH (2 g in 2 mL H2O) in an ice bath. To the diethyl ether (5 
mL) solution of the crude residue were added the light yellow upper layer until the 
latter solution also turned to the same color. Evaporation of organic solvent and 
purification by flash chromatography in petroleum ether : dichloromethane : ethyl 
acetate = 4 : 6 : 1 gave 6a as a colorless oil (18.3 mg, 72%). 1H NMR (400 MHz, 
CDCl3) δ 7.88 – 7.79 (m, 2H), 7.76 – 7.68 (m, 2H), 7.44 (d, J = 7.2 Hz, 2H), 7.32 (t, J 
= 7.2 Hz, 2H), 7.26 – 7.19 (m, 1H), 5.96 (brs, 1H), 5.43 (dd, J = 9.6, 4.4 Hz, 1H), 
5.18 (d, J = 4.4 Hz, 1H), 3.69 (s, 3H), 1.33 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 
167.93, 167.20, 155.64, 138.44, 134.34, 131.70, 128.55, 127.71, 126.93, 123.71, 
79.89, 55.91, 55.19, 52.81, 28.30. HRMS (ESI) m/z: 447.1524 (M+Na+); calc. for 
C23H24N2O6Na: 447.1527. 
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2.981.973.001.001.981.012.000.992.021.980.991.980.98
-0.0
00
1.69
8
3.71
2
3.73
5
3.75
6
3.96
4
5.36
4
5.38
4
5.40
5
6.74
4
6.76
5
6.79
2
7.19
2
7.68
3
7.69
6
7.80
8
8.50
9
8.52
9
8.62
0
8.63
0
8.63
6
8.65
8
10.0
68
 
34.0
72
55.2
49
55.8
57
56.4
86
76.8
42
77.1
60
77.4
78
104
.289
114
.191
117
.016
120
.442
123
.623
127
.417
131
.262
139
.282
148
.812
150
.702
158
.566
166
.136
168
.085
 
 S39
2f 
3.081.983.001.000.991.991.031.011.021.992.000.990.971.011.01
-0.0
00
1.71
2
3.67
4
3.77
0
3.77
6
3.79
3
3.96
3
5.41
8
5.43
6
5.44
1
5.45
9
6.69
0
6.71
1
6.79
2
6.82
4
6.89
1
7.13
4
7.68
5
7.69
8
7.81
1
8.50
3
8.50
6
8.52
4
8.52
7
8.60
8
8.63
8
10.0
70
 
34.9
41
55.2
04
55.8
55
56.2
27
76.8
42
77.1
60
77.4
78
104
.279
113
.056
114
.251
117
.022
120
.439
123
.626
127
.387
134
.251
138
.472
139
.281
148
.833
150
.724
159
.847
166
.028
168
.040
 
 S40
2g 
0.01.02.03.04.05.06.07.08.09.010.011.0 f1 (ppm)
-5000
0
5000
10000
15000
20000
25000
30000
35000
40000
45000
50000
55000
2.003.031.001.012.002.201.012.021.991.000.981.000.99
-0.0
01
3.76
4
3.78
6
3.95
4
5.36
9
5.38
8
5.39
1
5.41
1
6.78
5
6.80
6
6.90
2
7.23
0
7.68
5
7.69
9
7.80
6
8.49
2
8.49
6
8.51
3
8.51
7
8.59
3
8.62
6
10.0
49
N OO
NH
O N
F
O
 
0102030405060708090100110120130140150160170180 f1 (ppm)
-2000
-1000
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
20000
21000
22000
34.0
81
55.8
39
56.2
51
76.8
42
77.1
60
77.4
78
104
.256
115
.534
115
.746
117
.019
123
.653
127
.287
131
.652
139
.233
148
.812
150
.747
160
.694
163
.130
165
.805
167
.988
N OO
NH
O N
F
O
 
 S41
2h 
2.003.001.000.991.021.001.021.021.012.011.980.990.981.010.99
-0.0
01
1.75
4
3.78
8
3.79
3
3.81
1
3.95
8
5.39
3
5.41
2
5.41
7
5.43
5
6.78
7
6.85
1
7.00
0
7.15
9
7.36
2
7.69
3
7.70
6
7.81
7
8.49
5
8.49
9
8.51
6
8.52
0
8.58
9
8.62
1
10.0
46
 
34.6
01
55.8
53
56.0
04
76.8
42
77.1
60
77.4
78
104
.261
113
.920
116
.043
117
.041
120
.828
124
.747
127
.262
134
.351
139
.245
139
.515
148
.838
150
.780
161
.734
164
.182
165
.695
167
.976
 
 S42
2i 
2.002.971.001.000.991.001.992.002.020.971.980.97
-0.0
03
3.69
0
3.71
5
3.72
5
3.75
2
3.76
9
3.78
9
3.96
0
5.34
3
5.35
9
5.36
9
5.38
5
6.78
5
7.00
7
7.15
8
7.17
9
7.34
5
7.71
1
7.72
5
7.83
2
8.49
7
8.50
1
8.51
8
8.52
2
8.60
4
10.0
02
 
33.9
66
55.8
68
55.9
71
76.8
42
77.1
60
77.4
78
104
.252
116
.777
117
.069
120
.858
121
.241
127
.179
128
.849
134
.460
139
.221
148
.864
150
.831
156
.020
165
.481
167
.987
 
 S43
2j 
2.992.002.991.001.002.003.020.992.022.010.992.000.99
-0.0
06
1.85
1
2.07
1
3.73
8
3.75
0
3.76
3
3.95
0
5.36
7
5.38
4
5.39
1
5.40
8
6.76
2
6.78
4
7.18
0
7.33
5
7.35
5
7.58
5
7.77
9
8.48
6
8.49
0
8.50
7
8.51
1
8.59
2
8.61
3
10.0
91
 
24.5
99
34.2
85
55.8
53
56.3
02
76.8
43
77.1
60
77.4
78
104
.236
117
.038
120
.004
120
.435
120
.838
123
.653
127
.287
129
.583
131
.261
131
.667
134
.310
148
.880
150
.775
166
.051
168
.079
168
.496
 
 S44
2k 
2.982.013.031.000.991.012.021.002.002.011.010.992.010.99
-0.0
06
2.17
2
3.72
9
3.75
0
3.95
8
5.34
0
5.36
1
5.38
1
6.78
1
6.80
2
7.15
5
7.35
3
7.71
1
8.20
7
8.49
6
8.49
9
8.51
6
8.60
2
10.0
35
 
24.9
22
34.0
43
55.8
73
56.0
14
76.8
42
77.1
60
77.4
77
104
.282
117
.063
120
.831
122
.645
127
.266
129
.506
131
.695
133
.649
139
.266
148
.866
150
.809
165
.636
167
.998
168
.205
 
 S45
2l 
1.993.033.041.001.021.011.001.013.011.970.981.980.99
-0.0
06
1.69
9
3.75
8
3.78
4
3.80
0
3.86
6
3.96
3
5.33
9
5.35
5
5.36
4
5.38
0
6.78
6
6.80
8
6.96
6
7.26
0
7.37
8
7.50
9
7.73
6
8.50
2
8.52
3
8.58
9
8.59
6
8.61
8
10.0
21
 
33.6
32
55.8
83
55.9
12
56.5
82
76.8
42
77.1
60
77.4
78
104
.252
114
.012
117
.088
120
.471
120
.881
123
.840
126
.300
134
.530
139
.229
139
.478
148
.903
150
.865
152
.036
165
.391
167
.989
 
 S46
2m 
0.01.02.03.04.05.06.07.08.09.010.011.0 f1 (ppm)
-5000
0
5000
10000
15000
20000
25000
30000
35000
40000
45000
50000
55000
60000
65000
70000
2.993.015.023.001.002.001.022.421.002.001.991.980.991.990.98
-0.0
04
2.07
4
2.41
3
3.63
7
3.96
0
5.20
7
5.22
3
5.23
2
5.24
8
6.78
6
6.79
3
6.79
8
6.80
8
7.24
9
7.62
4
7.71
0
7.84
0
8.49
8
8.50
3
8.52
0
8.52
4
8.61
2
9.96
8
N OO
NH
O N
O
O
OSO
O
 
16.0
56
21.8
16
34.1
53
55.8
55
56.0
94
60.7
15
76.8
42
77.1
60
77.4
78
104
.226
116
.994
120
.860
123
.676
128
.517
130
.354
131
.785
134
.322
139
.221
142
.524
145
.378
148
.912
149
.889
150
.775
165
.732
168
.014
 
 S47
2n 
2.992.001.001.020.991.001.001.012.001.971.011.000.970.99
0.00
2
3.96
2
4.00
0
4.01
4
4.05
6
4.08
3
4.09
4
4.12
1
5.37
2
5.38
6
5.39
8
5.41
2
6.79
3
6.84
6
6.90
9
7.09
5
7.26
0
7.71
3
7.72
7
7.84
8
8.49
7
8.50
1
8.51
8
8.52
2
8.58
9
8.62
9
10.0
75
 
29.1
15
55.8
62
56.5
63
76.8
42
77.1
60
77.4
78
104
.271
117
.054
120
.445
120
.815
123
.722
126
.628
131
.273
139
.094
139
.269
148
.847
150
.780
165
.526
167
.952
 
 S48
2o 
2.991.072.970.961.031.004.151.012.00 1.990.942.001.000.96
0.00
3
1.72
7
2.44
8
3.80
0
3.82
2
3.83
8
3.86
0
3.95
9
3.95
9
3.97
8
4.00
1
5.56
2
5.58
0
5.58
5
5.60
2
6.78
2
6.80
4
7.26
0
7.66
9
7.72
7
8.40
2
8.42
2
8.48
8
8.49
2
8.50
9
8.51
4
10.0
15
 
23.9
88
25.2
93
54.2
69
55.8
49
76.8
43
77.1
60
77.4
78
104
.246
116
.770
117
.044
118
.007
118
.906
120
.412
120
.822
123
.710
123
.873
123
.887
134
.401
148
.783
150
.763
165
.731
168
.086
168
.561
 
 S49
3a 
3.031.011.021.053.121.062.092.062.021.001.001.02
-0.0
00
1.70
7
3.95
6
5.42
4
5.43
0
6.45
3
6.46
0
6.81
7
7.17
4
7.26
0
7.72
8
8.09
7
8.42
7
8.77
7
8.78
1
8.78
7
8.79
1
 
55.9
61
62.9
70
65.1
97
76.8
43
77.1
60
77.4
78
103
.971
120
.663
121
.057
123
.227
123
.821
125
.546
126
.545
128
.373
128
.796
142
.490
149
.831
153
.170
163
.299
167
.083
 
 S50
3b 
3.042.053.021.001.011.032.031.061.992.062.031.021.001.01
0.00
2
1.11
2
1.13
1
1.15
0
2.49
3
2.51
2
2.53
1
2.55
0
3.95
2
5.41
6
5.42
3
6.41
9
6.42
6
6.81
0
7.05
7
7.32
1
7.72
1
7.86
5
8.42
8
8.80
6
8.81
0
8.81
6
8.82
0
 
15.3
56
28.5
83
55.9
59
62.9
99
64.9
74
76.8
43
77.1
60
77.4
78
103
.965
120
.657
121
.095
123
.418
123
.795
125
.589
126
.611
128
.287
134
.479
142
.710
144
.411
149
.900
153
.222
163
.406
167
.093
 
 S51
3c 
3.073.091.001.041.011.021.052.08 1.062.052.041.040.990.98
0.00
3
2.23
1
3.95
0
5.41
6
5.42
2
6.39
9
6.40
4
6.81
1
7.10
1
7.26
0
7.71
9
7.86
3
8.42
6
8.80
2
8.80
6
8.81
2
8.81
6
 
21.4
85
55.9
49
63.0
09
65.1
07
76.8
43
77.1
60
77.4
78
103
.971
120
.656
121
.089
123
.346
123
.722
123
.787
125
.622
127
.207
134
.482
142
.655
149
.843
153
.214
163
.393
167
.078
 
 S52
3d 
3.033.013.051.001.011.000.991.050.991.022.022.021.030.990.97
0.00
2
2.12
3
2.13
5
3.95
3
5.40
7
5.41
3
6.36
1
6.36
7
6.80
8
7.14
3
7.28
3
7.72
2
7.86
6
8.42
9
8.82
8
8.83
4
 
19.5
47
19.9
00
55.9
59
63.0
64
64.9
34
76.8
42
77.1
60
77.4
77
103
.973
120
.659
123
.502
124
.172
127
.858
130
.494
134
.455
136
.859
142
.817
149
.902
153
.254
163
.481
167
.089
 
 S53
3e 
3.013.041.001.012.020.991.052.012.052.031.001.000.99
-0.0
01
3.68
5
3.95
9
5.41
0
5.41
6
6.37
8
6.38
4
6.73
1
6.81
0
7.26
0
7.35
8
7.72
9
7.87
1
8.43
5
8.81
0
8.81
4
8.82
0
8.82
4
 
55.2
85
55.9
81
62.9
82
64.7
66
76.8
42
77.1
60
77.4
77
103
.986
114
.218
120
.673
123
.454
125
.532
129
.868
132
.040
142
.675
149
.895
159
.684
163
.393
167
.109
 
 S54
3f 
3.073.040.991.001.021.022.040.98 0.972.112.041.011.010.99
0.00
1
3.67
1
3.96
1
5.41
9
5.42
5
6.38
5
6.39
0
6.70
0
6.81
7
6.97
6
7.11
3
7.29
4
7.72
9
7.75
0
7.87
7
8.44
1
8.79
9
8.80
5
 
55.2
60
55.9
83
62.9
38
65.0
54
76.8
43
77.1
60
77.4
78
104
.011
111
.917
114
.018
118
.871
123
.392
129
.871
132
.007
139
.709
142
.695
149
.921
159
.966
167
.080
 
 S55
3g 
3.061.001.011.022.051.042.072.062.011.010.991.00
-0.0
01
3.95
5
5.39
1
5.39
7
6.43
1
6.43
7
6.81
6
7.26
0
7.72
2
8.10
0
8.43
2
8.75
8
8.76
2
8.76
8
8.77
3
 
55.9
66
62.9
95
64.6
03
76.8
42
77.1
60
77.4
78
103
.985
115
.681
115
.896
120
.694
123
.214
125
.331
128
.365
134
.553
142
.339
149
.796
153
.217
161
.438
163
.082
163
.892
167
.038
 
 S56
-113
.525
1
 
 
N
ON
F
O
O
N
O
 S57
3h 
3.010.991.002.041.031.96 1.012.042.001.011.001.01
-0.0
00
3.97
7
5.38
9
5.39
6
6.45
4
6.46
0
6.83
9
7.11
4
7.19
3
7.28
1
7.74
3
7.87
3
8.14
2
8.44
7
8.74
6
8.75
0
8.75
6
8.76
1
 
56.0
10
63.0
29
64.8
15
64.8
32
76.8
42
77.1
60
77.4
77
104
.055
113
.401
115
.240
120
.726
122
.046
130
.445
134
.601
141
.016
142
.279
149
.805
153
.207
161
.838
162
.991
164
.291
167
.025
 
 S58
 
 S59
3i 
3.011.001.001.001.022.041.012.042.000.991.010.99
-0.0
01
3.97
6
5.36
9
5.37
6
6.39
6
6.40
3
6.83
6
7.26
0
7.32
7
7.74
2
8.13
4
8.45
5
8.75
0
8.75
4
8.76
0
8.76
5
 
 
56.0
15
63.0
38
64.2
82
76.8
42
77.1
60
77.4
77
104
.065
116
.951
117
.164
120
.785
121
.593
125
.135
128
.992
134
.642
142
.189
149
.808
153
.310
156
.738
159
.221
162
.847
166
.992
 
 S60
-115
.641
0
 
 
N
ON
F
O
O
N
OCl
 S61
3j 
3.003.001.000.991.011.813.931.002.042.031.001.001.01
-0.0
04
1.75
8
1.99
3
3.93
0
5.37
9
5.38
6
6.34
8
6.35
4
6.75
9
6.78
0
7.23
8
7.57
3
7.71
9
7.82
7
8.40
5
8.74
0
8.74
4
8.75
0
8.75
4
 
24.4
87
55.9
82
62.7
97
64.7
54
76.8
42
77.1
60
77.4
77
103
.930
119
.962
120
.724
121
.071
123
.366
123
.831
125
.312
134
.562
138
.232
142
.516
149
.932
153
.366
163
.460
167
.080
168
.545
 
 S62
3k 
3.053.041.001.011.021.010.981.020.992.072.041.030.981.011.02
-0.0
05
1.72
4
2.14
1
3.96
0
5.37
4
5.38
1
6.36
1
6.36
8
6.81
5
6.83
6
7.26
0
7.31
5
7.72
4
8.09
9
8.42
9
8.75
5
8.76
0
8.76
6
8.77
0
 
24.8
51
55.9
91
62.9
45
64.4
14
76.8
42
77.1
60
77.4
78
104
.027
120
.740
121
.074
121
.734
122
.836
123
.274
123
.861
125
.190
134
.583
142
.290
149
.837
153
.295
162
.990
166
.991
168
.290
 
 S63
3l 
3.083.061.001.011.021.031.011.052.082.03 1.011.011.001.01
-0.0
07
3.82
0
3.95
5
5.40
7
5.41
4
6.41
4
6.42
1
6.81
2
7.26
0
7.61
9
7.74
2
8.14
0
8.43
2
8.75
4
8.75
9
8.76
5
8.76
9
 
55.9
90
56.6
18
62.8
38
64.0
45
76.8
42
77.1
60
77.4
78
104
.043
114
.121
120
.801
123
.887
130
.659
134
.654
139
.436
142
.074
149
.865
153
.001
153
.331
162
.844
166
.974
 
 S64
3m 
2.993.012.973.021.001.001.001.011.012.031.072.032.072.021.010.990.98
-0.0
03
2.07
2
2.36
6
3.62
7
3.97
8
5.23
2
5.23
9
6.28
9
6.29
5
6.83
6
6.97
3
7.17
4
7.30
4
7.33
5
7.74
7
7.76
8
8.07
7
8.45
6
8.79
0
8.79
4
8.80
0
8.80
4
 
16.3
02
21.7
69
56.0
07
60.7
10
62.9
96
64.3
63
76.8
42
77.1
60
77.4
78
104
.018
119
.658
120
.704
121
.032
123
.241
123
.862
125
.287
127
.276
128
.582
142
.357
145
.466
149
.937
150
.705
153
.208
162
.995
167
.009
 
 S65
3n 
3.001.001.032.072.051.072.052.071.011.031.04
0.00
1
3.95
1
5.60
6
5.61
3
6.78
2
6.80
4
6.82
6
7.11
4
7.31
3
7.71
4
7.73
5
8.02
2
8.45
3
8.84
6
8.85
0
8.85
6
8.86
1
 
55.9
47
61.0
08
63.1
97
76.8
42
77.1
60
77.4
78
103
.944
120
.722
121
.054
123
.815
123
.872
126
.284
130
.604
134
.530
140
.781
142
.786
149
.985
153
.374
162
.864
166
.968
 
 S66
3o 
3.013.031.001.001.024.121.031.092.122.051.040.991.031.01
0.00
3
2.45
1
3.94
3
5.72
1
5.72
8
6.63
7
6.64
3
6.79
4
6.81
5
7.26
0
7.53
6
7.74
5
7.88
0
8.31
0
8.79
9
8.80
4
8.81
0
8.81
4
 
23.9
62
55.9
81
59.1
26
61.5
86
76.8
42
77.1
60
77.4
77
104
.059
116
.904
119
.451
121
.194
123
.891
124
.331
125
.674
130
.806
134
.601
142
.915
149
.972
153
.528
163
.205
167
.062
168
.355
 
 S67
4a 
0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 f1 (ppm)
-5000
0
5000
10000
15000
20000
25000
30000
35000
40000
45000
50000
55000
60000
65000
1.031.001.005.092.012.01
-0.0
04
5.13
7
5.14
4
5.20
3
5.21
0
6.67
3
7.26
0
7.34
7
7.38
1
7.74
8
7.75
6
7.76
1
7.76
9
7.86
5
7.87
2
7.87
8
7.88
6
NH
N
O
O
O
 
57.5
16
63.4
62
76.8
42
77.1
60
77.4
77
123
.929
125
.959
128
.939
129
.188
131
.792
134
.671
137
.723
165
.408
167
.025
 
 S68
4b 
3.222.031.000.980.992.012.032.032.01
-0.0
03
1.21
2
1.23
1
1.25
0
2.62
2
2.64
1
2.66
0
2.67
9
5.10
6
5.11
3
5.19
4
5.20
0
6.55
4
7.20
9
7.22
9
7.26
0
7.28
4
7.74
6
7.75
3
7.75
9
7.76
7
7.86
5
7.87
3
7.87
9
7.88
6
 
15.6
47
28.7
06
57.3
90
63.4
76
76.8
42
77.1
60
77.4
77
123
.914
126
.023
128
.683
131
.826
134
.644
134
.911
145
.231
165
.434
167
.041
 
 S69
4c 
1.000.980.992.002.022.041.99
-0.0
05
5.12
3
5.13
0
5.16
7
5.17
4
6.63
5
7.06
2
7.10
5
7.36
3
7.75
7
7.76
4
7.77
0
7.77
8
7.86
9
7.87
7
7.88
3
7.89
1
 
56.9
19
63.6
31
76.8
42
77.1
60
77.4
78
116
.127
116
.344
123
.984
127
.756
131
.774
133
.533
133
.564
134
.749
161
.840
164
.303
165
.291
167
.016
 
 S70
-112
.552
5
 
NH
ONO
O
F
 S71
4d 
2.990.991.002.002.004.041.000.99
2.04
0
2.49
6
2.50
0
2.50
4
3.34
8
4.89
9
4.90
5
4.96
0
4.96
6
7.36
8
7.38
9
7.57
1
7.59
2
7.87
4
7.89
5
7.92
3
8.93
2
9.98
6
 
23.9
93
38.8
94
39.1
02
39.3
11
39.5
20
39.7
29
55.3
67
62.7
14
119
.019
123
.469
131
.358
139
.189
164
.649
166
.791
168
.332
 
 S72
4e 
2.970.971.001.001.001.014.050.980.99
2.09
5
2.50
0
3.33
6
4.96
3
4.96
9
5.00
6
5.01
2
7.39
1
7.39
5
7.41
2
7.41
5
7.59
3
7.59
7
7.70
9
7.73
0
7.88
1
7.92
6
8.96
7
9.54
5
 
23.3
23
38.8
93
39.1
03
39.3
11
39.5
20
39.7
29
54.7
52
62.5
40
123
.450
124
.858
126
.235
126
.398
127
.137
131
.451
134
.681
134
.828
137
.207
164
.501
166
.785
168
.680
 
 S73
4f 
3.011.011.001.001.011.012.043.01
-0.0
08
3.97
7
5.13
9
5.14
5
5.15
8
5.16
5
6.73
5
7.13
6
7.26
0
7.60
3
7.60
9
7.62
5
7.63
0
7.76
1
7.76
9
7.77
5
7.78
2
7.86
8
7.87
7
7.88
2
 
56.2
44
56.9
18
63.7
03
76.8
42
77.1
60
77.4
78
114
.618
123
.744
124
.069
130
.264
131
.716
139
.775
153
.429
165
.059
166
.973
 
 S74
4g 
3.023.003.001.020.990.971.001.012.034.032.03
-0.0
06
2.22
3
2.41
8
3.73
6
4.98
5
4.99
1
5.02
3
5.03
0
6.43
7
6.85
2
6.85
6
7.07
6
7.07
9
7.26
0
7.76
5
7.77
2
7.77
9
7.78
6
7.88
0
7.88
8
7.89
4
7.90
2
 
16.3
56
21.8
27
56.5
47
60.9
09
63.6
03
76.8
43
77.1
60
77.4
78
118
.963
123
.994
126
.952
128
.651
129
.913
134
.769
142
.875
151
.349
165
.048
166
.974
 
 S75
4h 
0.991.000.981.011.000.992.042.02
-0.0
03
5.32
9
5.33
6
5.39
3
5.39
9
6.52
9
6.99
4
7.00
6
7.10
2
7.26
0
7.75
7
7.76
5
7.77
1
7.77
9
7.87
8
7.88
6
7.89
2
7.90
0
 
53.5
13
64.2
23
76.8
43
77.1
60
77.4
78
124
.004
125
.901
126
.218
127
.545
131
.796
141
.527
164
.862
166
.957
 
 S76
5a 
9.060.971.005.192.072.01
1.39
9
5.23
6
5.24
4
5.27
8
5.28
6
7.26
0
7.34
3
7.36
0
7.37
0
7.37
9
7.75
6
7.76
4
7.77
0
7.77
7
7.86
2
7.87
0
7.87
5
7.88
3
 
27.9
34
60.6
48
61.7
69
76.8
43
77.1
60
77.4
78
83.9
68
124
.028
126
.217
129
.142
131
.674
134
.833
136
.140
147
.320
162
.718
166
.637
 
 S77
6a 
9.153.020.991.000.971.072.012.022.052.05
-0.0
04
1.32
9
3.69
1
5.17
9
5.19
0
5.40
8
5.43
2
5.95
7
7.20
7
7.22
5
7.24
3
7.26
0
7.31
8
7.70
4
7.71
2
7.71
7
7.72
4
7.81
4
7.82
2
7.82
7
7.83
5
 
 
28.3
04
52.8
11
55.1
93
55.9
13
76.8
42
77.1
60
77.4
78
79.8
95
123
.706
126
.928
127
.709
128
.553
131
.703
134
.338
138
.438
155
.645
167
.199
167
.929
 
